Serotonin receptor heterogeneity and the role of potassium channels in neuronal excitability.
Intracellular recordings in vitro from a variety of central neuronal types have shown both inhibition and excitation to be modulatory consequences of serotonin (5-HT) receptor activation. These responses can be seen in isolation or in some cases (e.g. hippocampal pyramidal cells) as a complex biphasic combination of hyperpolarisation followed by depolarisation, suggesting overall control of neuronal excitability may be dependent on the interaction between activation of more than one post-synaptic receptor and/or mechanism. Our studies have confirmed the 5-HT evoked depolarisation of rat facial motorneurones (FM's) and the hyperpolarisation seen in presumed serotonergic neurones of the dorsal raphe nucleus (DRN) to be the result of opposite effects on K+ ion permeability. Suppression of a resting K+ conductance leads to depolarisation while activation leads to hyperpolarisation. The same mechanisms appear to be responsible for the 5-HT evoked responses in hippocampal pyramidal cells but in addition there is also a suppression of a Ca++ dependent K+ conductance responsible for the long spike after hyperpolarisation (AHP). Data from the hippocampus and DRN indicate the 5-HT induced hyperpolarisation to be sensitive to Pertussis Toxin (PTX) and irreversibly mimicked by GTP gamma S, a non-hydrolysable analogue of GTP, suggesting the involvement of a G protein in K+ channel activation. The mechanism of K+ channel closure is less clear as it is unaffected by PTX or activation of adenylate cyclase, however there is indirect evidence that the phosphoinositide pathway may be involved from the cloned 5-HT1C receptor which also closes a K+ channel in cell lines. The results show that hyperpolarisation evoked by 5-HT in the hippocampus and DRN to be mimicked and blocked by 5-HT1A agonists and antagonists. However, the depolarisations in the hippocampus and FM's are mediated by site-dependent receptors with profiles which do not fit into the current 5-HT receptor subtype classification.